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Previous studies have shown that attachment of non-encapsulated cryptococci
to macrophages is highly dependent on opsonizing immunoglobulin G (IgG) and
that cryptococcal polysaccharide inhibits the attachment phase of phagocytosis.
We investigated various mechanisms by which cryptococcal polysaccharide might
interfere with the opsonizing action of IgG. Cryptococcal polysaccharide did not
appreciably prevent binding of opsonizing IgG to the yeast. Furthermore, cryp-
tococcal polysaccharide acted as a noncompetitive inhibitor with respect to the
opsonizing action of IgG. These experiments suggested that cell wall-bound IgG
is masked in some manner such that it is unable to participate in Fc-mediated
phagocytosis. This appeared to be the case, since cryptococcal polysaccharide
inhibited agglutination of IgG-opsonized yeast cells by antiserum to IgG. There
was good dose-response correlation between the amount of polysaccharide needed
to inhibit phagocytosis of non-encapsulated Cryptococcus neoformans and the
amount of polysaccharide needed to prevent agglutination of IgG-opsonized
cryptococci by antiserum to IgG. The ability of cryptococcal polysaccharide to
prevent agglutination of IgG-opsonized cryptococci by antiserum to IgG was lost
if dextran, a substance known to enhance agglutination of several particles, was
incorporated into the medium.

Cryptococcal polysaccharide prevents attach-
ment of Cryptococcus neoformans to macro-
phages (6). As a consequence of this inhibition,
phagocytosis is blocked. In the accompanying
paper (7), we report that IgG is the opsonin with
primary responsibility for attachment of the
yeast to macrophages. Thus, interference with
the opsonizing action of IgG is one mechanism
by which cryptococcal polysaccharide might in-
hibit phagocytosis of the yeast. Cryptococcal
polysaccharide might prevent binding of immu-
noglobulin G (IgG) to the yeast by- competing
with IgG for binding sites on the yeast or by
presenting a barrier that prevents binding ofIgG
to the yeast. Alternatively, cryptococcal polysac-
charide might have no effect on binding of IgG
to the yeast, but the capsule could mask the
yeast-bound IgG such that opsonizing IgG can-
not effectively participate in Fc-mediated phag-
ocytosis. The present study was undertaken (i)
to determine whether cryptococcal polysaccha-
ride prevents binding of IgG to the yeast by
either a competitive or a noncompetitive mech-
anism and (ii) to determine whether cryptococ-
cal polysaccharide produces a barrier around the
yeast that masks the presence of opsonizing IgG.

MATERIALS AND METHODS

Yeast isolates and soluble polysaccharide. C.
neoformans strain 613 is an encapsulated isolate. C.
neofornans strain 602 is a non-encapsulated strain
that has surface receptors for the soluble polysaccha-
ride; therefore, addition of purified polysaccharide al-
lows experimental variation in the extent of encapsu-
lation on the yeast (4). The characteristics of these
strains have been described elsewhere in detail (4, 5).
Organisms used in phagocytosis assays were Formalin
killed (6) and used as a suspension in Hanks balanced
salt solution (HBSS; GIBCO, Grand Island, N.Y.)
containing antibiotics (100 U of penicillin and 100 jig
of streptomycin per ml; GIBCO) and buffered with
sodium bicarbonate to pH 7.2.
The procedure for purification ofcryptococcal poly-

saccharide has been described previously (5). Polysac-
charide was prepared for use as a saline solution.

Phagocytosis assays. Unstimulated peritoneal
macrophages were obtained from 6- to 8-week-old
Swiss mice (Microbiological Associates, Walkersville,
Md.). The procedure for collection and culture of
macrophages has been described previously (6). Mono-
layers were prepared in four-chamber tissue culture
chamber/slides (model 4804; Lab Tek Products, Na-
perville, Ill.) and incubated for 24 to 48 h at 37°C in
2.6% CO2 before use. Each monolayer contained ap-
proximately 2.5 x 105 macrophages.

262



INHIBITION OF PHAGOCYTOSIS 263

For phagocytosis assays, the culture medium was
decanted, and each monolayer was washed two times
with warm (370C) HBSS. A test yeast suspension was
warmed for 2 min at 370C in a water bath, and 1 ml
was immediately added to each chamber. The yeast
suspensions consisted of: (i) 106 yeast cells; (ii) a source
of opsonin; (iii) when required by an experimental
protocol, 0.25 ml of cryptococcal polysaccharide in
saline; and (iv) enough HBSS to give a final volume of
1 ml. Phagocytosis of yeast cells was determined after
incubation of monolayers with yeast cells for 1 h at
371C. Slides were washed, fixed, stained, and examined
as described previously (6). The percentage of mac-
rophages with ingested yeasts (percent phagocytosis)
or the mean number of ingested yeasts per macro-
phage (phagocytic index) was determined. Results pre-
sented are mean values from at least four replications.
Serum and serum components. Pooled normal

human serum (GIBCO; lot no R0555100) was used as
an opsonin source. IgG was isolated from normal hu-
man serum by diethylaminoethyl (DEAE)-cellulose
chromatography (16). Goat antiserum monospecific
for the heavy (gamma) chains of human IgG was
obtained from Meloy Laboratories, Inc., Springfield,
Va. Human IgG was labeled with "I by the lactoper-
oxidase method (7,8). Binding of "MI-labeled IgG to C
neoformans was determined as previously described
(7).
Agglutination of opsonized cryptococci by an-

tiserum to IgG. Cells of strain 602 (2.5 x 106) in 0.1
ml of saline or saline containing dextran T-500 (Phar-
macia Fine Chemicals, Uppsala, Sweden) were incu-
bated in tubes (10 by 75 mm) for 20 min at room
temperature with 12.5 ug of human IgG in 0.1 ml of
saline or saline containing dextran and 0.1 ml of saline
or saline containing cryptococcal polysaccharide. Goat
antiserum monospecific for the heavy (gamma) chain
of human IgG (0.1 ml of a 1:4 dilution in saline) was
added and incubated for an additional 20 min at room
temperature. The tubes were centrifuged, and agglu-
tination was determined by macroscopic examination
of sedimentation patterns and by microscopic exami-
nation for yeast agglutination.

RESULTS
Binding ofIgG to C. neoformans An initial

experiment was done to determine whether sim-
ilar amounts of opsonizing IgG could bind to
encapsulated and non-encapsulated cryptococci.
Cells (107) of strain 613 or strain 602 were incu-
bated with various amounts of i251 labeled IgG
for 30 min at room temperature. The cells were
washed eight times with 0.05 M phosphate
buffer (pH 7.5), and the amount of adherent IgG
was determined. The results (Fig. 1) showed that
cells of strain 602 bound approximately twice as
much IgG as did cells of strain 613.
Reduced binding of IgG to encapsulated cryp-

tococci could be due to: (i) competition by cryp-
tococcal polysaccharide for IgG receptors on the
yeast surface, (ii) inability of IgG to fully pene-
trate the capsule, or (iii) differences between
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FIG. 1. Binding of 1251-labeled human IgG to cells
of strain 602 (0) or strain 613 (E).

cryptococcal strains 602 and 613 in the density
or specificity of antigenic determinants on the
yeast. As a consequence, the effect of purified
cryptococcal polysaccharide on binding of i"I-
labeled IgG to the non-encapsulated strain 602
was determined. This experimental model elim-
inates some of the problems inherent in compar-
isons of encapsulated and non-encapsulated iso-
lates. There are no strain differences, and a thick
polysaccharide capsule is avoided since small
amounts of cryptococcal polysaccharide are
added to strain 602. Various amounts of 15I-
labeled IgG were added to cells of strain 602 or
to cells of strain 602 that had been preincubated
with 1.0 or 10jLg of cryptococcal polysaccharide
per 106 yeast cells. Previous studies showed that
these concentrations of polysaccharide bound to
the yeast and were sufficient to inhibit phago-
cytosis of strain 602 (6). Yeast cells were incu-
bated for 30 min at room temperature with i6I-
labeled IgG in the presence or absence of cryp-
tococcal polysaccharide, and the amount of ad-
herent IgG was determined. The results (Fig. 2)
showed that within the concentrations of poly-
saccharide studied, cryptococcal polysaccharide
did not inhibit binding of 125I-labeled IgG to C.
neoformans strain 602.
Masking of IgG. The previous experiment

suggested that cryptococcal polysaccharide did
not compete with IgG for binding sites on the
yeast. This result was confirmed by a bioassay
of the effects on phagocytosis of strain 602 of a
constant amount of cryptococcal polysaccharide
and a varying IgG concentration. We hypothe-
sized that if cryptococcal polysaccharide com-
peted with IgG for binding sites on the yeast,
the phagocytosis-inhibiting properties of cryp-
tococcal polysaccharide should decrease at in-
creasing concentrations of opsonizing IgG. To
test this hypothesis, yeast cells were mixed with:
(i) human IgG at concentrations ranging from 8
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The previous experiments suggested that op-
sonizing IgG is masked or inhibited in some way
such that the immunoglobulin is unable to par-
ticipate in Fc-mediated phagocytosis. The effect
of cryptococcal polysaccharide on agglutination
ofIgG-opsonized 602 [602(IgG)] by monospecific
antiserum to IgG heavy chains was used to de-
termine whether cryptococcal polysaccharide
masks opsonizing IgG. A total of 2.5 x 106 cells
of strain 602 were incubated with 12.5 ,ug of IgG,
and various amounts of cryptococcal polysac-
charide were added. This concentration of IgG

400

FIG. 2. Effect of saline (0) or 1.0 pg (0) or 10 pg
(A) of cryptococcal polysaccharide per 106 cells on
the binding of '2I-labeled IgG to strain 602.

to 2,000 jtg of IgG per 106 cells or whole human
serum diluted to contain IgG at the specified
concentrations and (ii) no polysaccharide or 0.5
or 2.0 Ag of cryptococcal polysaccharide per 106
yeast cells. The yeast cells were then added to
monolayers and incubated for 1 h at 370C. The
results of experiments using whole serum (Fig.
3) or purified IgG (Fig. 4) as opsonins showed
,that considerable inhibition of phagocytosis by
cryptococcnl polysaccharide occurred regardless
of the concentration of opsonizing IgG. A diag-
nostic double reciprocal plot of 1/(phagocytic
index) versus l/(opsonin concentration) was also
used to evaluate the phagocytosis data, since the
curves shown in Fig. 3 and 4 could be presented
as linear graphs (insets, Fig. 3 and 4). Further-
more, such curves allow an extrapolation of the
lines to high levels of opsonin concentrations
that cannot be achieved experimentally. We ex-
pected that as 1/(opsonin concentration) ap-
proached zero, i.e., as the opsonin concentration
became very great, 1/(phagocytic index) should
be identical for both the inhibited and the non-
inhibited curves if cryptococcal polysaccharide
acts as a competitive inhibitor for binding of
opsonizing IgG to the yeast. The experimental
results (insets, Fig. 3 and 4) showed that extrap-
olation of the inhibition curves to the y axis
provided values for 1/(phagocytic index) that
were markedly different from the uninhibited
curves. Thus, inhibition ofphagocytosis by cryp-
tococcal polysaccharide could not be overcome
by increasing the opsonin concentration, sug-
gesting that the polysaccharide inhibited phag-
ocytosis in the manner of a typical noncompeti-
tive inhibitor.
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FIG. 3. Effect of various concentrations ofnormal
human serum upon thephagocytosis-inhibiting prop-
erties ofa constant amount ofpolysaccharide. Phag-
ocytosis of C. neoformans 602 in the absence ofpoly-
saccharide (0-O) and in the presence of crypto-
coccal polysaccharide at final concentrations of 0.5
pg/ml (l- -0) or 2.0 fg/ml (A----A) is shown.
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FIG. 4. Effect of various concentrations ofnormal
human IgG upon the phagocytosis-inhibiting prop-

erties ofa constant amount ofpolysaccharide. Phag-
ocytosis of C. neoformans 602 in the absence ofpoly-
saccharide (0-0) and in the presence of crypto-
coccal polysaccharide at a final concentration of 0.5
pg/ml (E- -a) or 2.0 pg/ml (A--- -A) is shown.
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was chosen because previous experiments (7)
had shown that greater amounts of IgG would
directly agglutinate 602. Agglutination of poly-
saccharide-treated cells by anti-IgG was deter-
mined as described in Materials and Methods
and was compared with phagocytosis of polysac-
charide-treated 602(IgG). Yeast cells used in
phagocytosis experiments were opsonized with
5 mg of IgG per 107 yeast cells. The results (Fig.
5) showed that polysaccharide concentrations of
80 and 8.0,ug/106 cells inhibited phagocytosis of
602(IgG) and inhibited agglutination of 602(IgG)
by antiserum to IgG. At lesser concentrations of
cryptococcal polysaccharide (0.8 and 0.08 Ag),
there was good correlation between the increase
in percent phagocytosis and increased aggluti-
nation of 602(IgG) by antiserum to IgG.
Dextran has been shown to enhance the abil-

ity of IgG to agglutinate particulate antigens (9,
10); therefore, an experiment was done to deter-
mine the effect of dextran on inhibition of agglu-
tination by cryptococcal polysaccharide.
602(IgG) were incubated with cryptococcal
polysaccharide (8.0 jtg/106 cells) in the presence
of various concentrations of dextran. Antiserum
to human IgG was added, and agglutination was
determined as described in Materials and Meth-
ods. The results (Table 1) showed that dextran
had a definite effect on inhibition of agglutina-
tion by cryptococcal polysaccharide. Cryptococ-
cal polysaccharide inhibited agglutination of
602(IgG) in the absence of dextran and at 0.08%
dextran, but cryptococcal polysaccharide was
unable to inhibit agglutination at higher dextran
concentrations.

DISCUSSION
This study was undertaken to consider various

mechanisms by which cryptococcal polysaccha-
ride might inhibit phagocytosis of C. neofor-
mans. Since cryptococcal polysaccharide in-
hibits the attachment stage of phagocytosis (6),
and IgG is a primary factor in attachment of
non-encapsulated cryptococci to macrophages
(7), the interaction between cryptococcal poly-
saccharide and opsonizing IgG became a focal
point in our investigation. Cryptococcal polysac-
charide might prevent binding of opsonizing IgG
to the yeast surface or it might prevent the
interaction ofyeast-bound IgG with Fc receptors
on the macrophage surface. Similar hypothetical
mechanisms have been proposed to explain the
antiphagocytic action of the Staphylococcus au-
reus capsule (15).

Inhibition by polysaccharide of binding of op-
sonizing IgG to the yeast cannot account for the
phagocytosis-inhibiting properties of cryptococ-
cal polysaccharide. Encapsulated cryptococci
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FIG. 5. Comparison of the polysaccharide concen-
trations needed to inhibit phagocytosis of 602(IgG)
and inhibit agglutination of602(IgG) by antiserum to
IgG heavy chains. Mean ± standard deviation.

bound approximately half the amount of opso-
nizing IgG as did non-encapsulated cryptococci.
Previous studies in our laboratory have shown
that IgG is opsonic over wide ranges of IgG
concentrations (7); therefore, a 50% reduction in
the binding of IgG cannot account for the pro-
found inhibition of phagocytosis observed with
encapsulated cryptococci. Similar results were
obtained when we examined the effect of cryp-
tococcal polysaccharide on binding of IgG to
non-encapsulated cryptococci. Cryptococcal
polysaccharide had no effect on the binding of
IgG to non-encapsulated cryptococci at concen-
trations of polysaccharide known to inhibit
phagocytosis of the yeast (4). These results are
in agreement with an earlier report by Stinson
and van Oss (13) that the presence of a capsule
on S. aureus or species of Streptococcus does
not prevent binding and may actually potentiate
binding of IgG to these bacteria.
A bioassay of the effects of various IgG con-

centrations on the phagocytosis-inhibiting prop-
erties of cryptococcal polysaccharide showed
that inhibition of phagocytosis occurred regard-
less of the opsonin concentration. A double re-
ciprocal plot of 1/(phagocytic index) versus 1/
(opsonin concentration) was used to further an-
alyze the effect of opsonin concentration on in-
hibition of phagocytosis. Similar double recip-
rocal plots have been used with varying degrees
of success by other investigators (3, 4, 11, 12, 14)
to evaluate several aspects of the phagocytic
process. The results of such an analysis showed
that inhibition of phagocytosis was not appreci-
ably abrogated by high opsonin concentrations.
Thus, cryptococcal polysaccharide does not ap-
pear to act as a competitive inhibitor of binding
of IgG to the yeast cell, since competitive inhi-
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TABLE 1. Effect of dextran on inhibition by cryptococcalpolysaccharide of agglutination of 602(IgG) by
antiserum to IgGa

Agglutination

Anti-IgG 10%b 5%b b 0.31% 0.08%b 0b Uninhibited Unopsonized
51.25 0.3 0 ~~~~~~control' 602

Present 4+ 4+ 4+ 4+ 0 0 4+ 0

Absent 2+ 0 0 0 0 0 0 0
a A total of 2.5 x 106 cryptococci were incubated with 12.5 ,tg of human IgG in the presence or absence of 20

Ig of cryptococcal polysaccharide. Anti-human IgG or saline was added, and agglutination was determined
macroscopically on a scale of 0 to 4+.

bDextran concentration.
'Agglutination of 602(IgG) by anti-human IgG was determined in the absence of cryptococcal polysaccharide.

bition should have produced an inhibition that
decreased substantially at high concentrations
of IgG.

Since IgG binds to both encapsulated and
non-encapsulated cryptococci, it must bind to
encapsulated cells in a manner that makes it
unable to participate in Fc-mediated phagocy-
tosis. One likely mechanism is that cryptococcal
polysaccharide acts as a barrier between cell
wall-associated IgG and the macrophage Fc re-
ceptors, a mechanism that was first proposed by
Stinson and van Oss (13) and more recently
suggested by Wilkinson et al. (15). The data in
Fig. 5 show that this is in fact the case. Agglu-
tination of 602(IgG) by antiserum to IgG heavy
chains was used as an assay for the availability
of IgG at the surface of C. neoformans. Presum-
ably, if 602(IgG) is agglutinated by anti-IgG, the
Fc fragments would also be available for inter-
action with macrophage Fc receptors. Con-
versely, if 602(IgG) cannot be agglutinated by
antiserum to IgG heavy chains, it is not likely
that the Fc fragments would be available for
participation in phagocytosis. Pollack et al. (9)
have estimated that 7S agglutinating antibody
bridges a distance of 24 to 25 nm. Thus, a poly-
saccharide-induced barrier of greater than 12
nm plus the length of an IgG molecule should
inhibit agglutination of 602(IgG) by antiserum
to IgG. The data in Fig. 5 showed that crypto-
coccal polysaccharide does, indeed, inhibit ag-
glutination of 602(IgG) by antiserum to IgG.
Furthermore, there was good correlation be-
tween the amount of polysaccharide needed to
present a barrier that prevents agglutination and
the amount of polysaccharide needed to inhibit
phagocytosis of the yeast.
The effect of dextran on the ability of poly-

saccharide to prevent agglutination of 602(IgG)
by antiserum to IgG suggests at least one mech-
anism by which cryptococcal polysaccharide
might prevent agglutination. Pollack et al. (9)
have argued that potential energy barriers are

crucial factors in agglutination, and electrostatic
barriers exist for erythrocytes above which ag-
glutination by antibody cannot occur. Pollack et
al. (9) demonstrated that incorporation of poly-
mers such as dextran into the medium reduced
the electrophoretic mobility of erythrocytes and
concomitantly facilitated hemagglutination by
antiserum. The uronic acid residue of cryptococ-
cal polysaccharide imparts a negative charge to
the molecule; therefore, it is quite possible that
the polysaccharide could increase the electro-
static potential surrounding 602(IgG) such that
the cells cannot be agglutinated by antiserum to
IgG. If, indeed, the action of dextran is a reduc-
tion in zeta potential (9, 10), the data would
suggest that cryptococcal polysaccharide pre-
sents a potential energy barrier around the yeast
cell that contributes to masking of IgG. Unfor-
tunately, the action of dextran on agglutination
reactions is not completely understood, and a
putative role for surface charge in inhibition of
agglutination by cryptococcal polysaccharide
must be considered very tentative. Brooks and
Seaman (1) have suggested that the action of
dextran is due to simultaneous adsorption of
polymer molecules to two cells, forming links
between them. Other explanations are also pos-
sible.
Data presented in this paper suggest that

cryptococcal polysaccharide produces a barrier
that masks opsonizing IgG on the yeast cell.
Curtis (2) has stated that electrostatic forces and
steric effects are important factors in determin-
ing whether or not adhesion between cells will
occur. It is attractive to speculate that the phys-
ical barrier presented by the polysaccharide or
a polysaccharide-induced electrostatic potential
near the surface of the yeast prevents specific
(IgG-mediated) and nonspecific recognition of
the yeast.

ACKNOWLEDGMENTS
This investigation was supported by Public Health Service

INFECT. IMMUN.



INHIBITION OF PHAGOCYTOSIS 267

grants Al 14209 and RR 09035 from the National Institutes of
Health.

LITERATURE CITED
1. Brooks, D. E., and G. V. F. Seaman. 1972. Electrovis-

cous effect in dextran-erythrocyte suspensions. Nature
(London) New Biol. 238:251-253.

2. Curtis, A. S. G. 1973. Cell adhesion. Prog. Biophys. Mol.
Biol. 27:317-386.

3. Kavet, R. I., and J. D. Brain. 1977. Phagocytosis: quan-
tification of rates and intercellular heterogeneity. J.
Apple. Physiol. Respir. Environ. Exercise Physiol. 42:
432-437.

4. Kozel, T. R. 1977. Non-encapsulated variant of Crypto-
coccus neoformans. II. Surface receptors for cryptococ-
cal polysaccharide and their role in inhibition of phag-
ocytosis by polysaccharide. Infect. Immun. 16:99-106.

5. Kozel, T. R., and J. Cazin, Jr. 1971. Nonencapsulated
variant of Cryptococcus neoformans. I. Virulence stud-
ies and characterization of soluble polysaccharide. In-
fect. Immun. 3:287-294.

6. Kozel, T. R., and R. P. Mastroianni. 1976. Inhibition of
phagocytosis by cryptococcal polysaccharide: dissocia-
tion of the attachment and ingestion phases of phago-
cytosis. Infect. Immun. 14:62-67.

7. Kozel, T. R., and T. G. MoGaw. 1979. Opsonization of
Cryptococcus neoformans by human immunoglobulin
G: Role of immunoglobulin G in phagocytosis by mac-
rophages. Infect. Immun. 25:255-261.

8. Marchalonis, J. J. 1969. An enzymic method for trace
iodination of immunoglobulins and other proteins. Bio-

chem. J. 113:299-305.
9. Pollack, W., H. J. Hager, R. Reckel, D. A. Toren, and

IL 0. Singher. 1965. A study of the forces involved in
the second stage of hemagglutination. Transfusion 5:
158-183.

10. Pollack, W., and R. P. Reckel. 1977. A reappraisal of
the forces involved in hemagglutination. Int. Arch. Al-
lergy Appl. Immunol. 54:2942.

11. Schroitt, A. J., and R. Gallily. 1974. Studies on the
binding and phagocytic inhibition properties of anti-
macrophage globulin (AMG). Immunology. 26:971-981.

12. Scribner, D. J., and D. Fahrney. 1976. Neutrophil re-
ceptors for IgG and complement: their roles in the
attachment and ingestion phases of phagocytosis. J.
Immunol. 116:892-897.

13. Stinson, M. W., and C. J. van Oss. 1971. Immunoglob-
ulins as specific opsonins. II. The influence of specific
and aspecific immunoglobulins on the in vitro phago-
cytosis of non-encapsulated, capsulated, and decapsu-
lated bacteria by human neutrophils. RES J. Reticulo-
endothel. Soc. 9:503-512.

14. Stossel, T. P. 1973. Quantitative studies of phagocytosis:
kinetic effects of cations and heat labile opsonin. J. Cell
Biol. 58:346-356.

15. Wilkinson, B. J., P. K. Peterson, and P. G. Quie. 1979.
Cryptic peptidoglycan and the antiphagocytic effect of
the Staphlococcus aureus capsule: a model for the
antiphagocytic effect of bacterial cell surface polymers.
Infect. Immun. 23:502-508.

16. Williams, C. A., and M. W. Chase. 1967. Methods
Immunol. Immunochem. 1:321-330.

VOL. 25, 1979


